Synthesis of calcium ferrite photocatalyst for the COD photodegradation of palm oil mill effluent under visible light by Benedict, Ashwin Charles
 
 
SYNTHESIS OF CALCIUM FERRITE 
PHOTOCATALYST FOR THE COD 
PHOTODEGRADATION OF PALM OIL MILL 












DOCTOR OF PHILOSOPHY 
 
UNIVERSITI MALAYSIA PAHANG 
 
SUPERVISOR’S DECLARATION 
We hereby declare that we have checked this thesis and in our opinion, this thesis is 






 (Supervisor’s Signature) 
Full Name  : TS. DR. CHENG CHIN KUI 
Position  : ASSOCIATE PROFFESSOR  





 (Co-supervisor’s Signature) 
Full Name  : DR. HAYDER A. ABDULBARI 
Position  : PROFESSOR 
Date   : 
 
STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti 




 (Student’s Signature) 
Full Name : ASHWIN CHARLES BENEDICT  
ID Number : PKC15018 





SYNTHESIS OF CALCIUM FERRITE PHOTOCATALYST FOR THE COD 









Thesis submitted in fulfillment of the requirements 
for the award of the degree of 




Faculty of Chemical and Process Engineering Technology 








This research would not be possible without the help and support of many individuals 
and organizations. I would like to extend my sincerest thanks to all of them. Foremost 
of these people is my main supervisor Associate Professor Dr. Cheng Chin Kui who has 
been an amazing role model and a constant motivator in helping me complete this PhD.  
 
I am also highly indebted to Universiti Malaysia Pahang (UMP) for their financial 
support and providing me with the means and facilities to make this study possible. The 
lecturers and technical unit of this organization also deserve credit for being nothing if 
not professional and efficient. 
 
Last but not least I would like to express my gratitude to mother Hazil Mirandah who 
has always been my greatest supporter as well as to my two sisters Evelyn Charles and 
Jocelyn Charles who have always believed in me even when I did not. Their endless 






Malaysia telah lama bergelut dengan isu pencemaran efluen kilang minyak sawit 
(POME) yang terbukti menjadi isu alam sekitar yang serius. Walaupun beberapa kajian 
untuk mengatasi masalah ini dengan menggunakan fotokatalis ZnO dan TiO2 di bawah 
sinaran ultralembayung telah dilaksanakan, kajian tersebut masih ada ruang untuk 
penambahbaikan. Efisiensi cahaya rendah dan kecekapan photodegradation sederhana 
yang dihasilkan oleh dua sistem ini menonjolkan keperluan untuk fotokatalis yang 
diaktifkan oleh cahaya nampak yang dapat dilihat sebagai penyelesaian jangka panjang 
kepada masalah pencemaran alam yang disebabkan oleh POME. Tesis ini 
menghuraikan penggunaan CaFe2O4 sebagai fotokatalis yang diaktifkan oleh cahaya 
nampak untuk menangani masalah tersebut. Dua kaedah sintesis (pembakaran 
automatik dan permendakan bersama) dan dua suhu kalsinasi (550 °C dan 700 °C) 
digunakan untuk menghasilkan sejumlah empat pemangkin CaFe2O4 yang digelar 
AC550, AC700, CP550 dan CP700. CP550 mempamerkan penyingkiran COD terbesar 
sebanyak 69% pada kepekatan pemangkin 0.75 g/L selepas 8 jam irradiasi. Reaksi ini 
mematuhi kinetik urutan pertama dengan pemalar kadar 2.7 x 10-5 min-1. Analisis BET 
menunjukkan bahawa CP550 mempunyai isipadu SBET tertinggi (27.28 m
2/g) dan 
isipadu liang tertinggi (0.077 cm3/g) antara semua fotokatalis yang diuji yang menurun 
secara mendadak bila suhu kalsinasi ditingkatkan untuk CP700 menyebabkan susutan 
SBET kepada 9.73 m
2/g dan isipadu liang 0.025 cm3/g disebabkan oleh 
penyepuhlindapan yang menyebabkan kawasan permukaan yang licin seperti yang 
dapat dilihat dalam imej SEM. UV-Vis DRS menunjukkan CP550 mempunyai luang 
jalur tertinggi (1.52 eV) yang mungkin disebabkan oleh kehadiran CaFe5O7 yang 
merupakan struktur unik CaFe2O4 yang mengandungi tiga unit FeO dalam fasa stabil 
seperti yang disimpulkan daripada data EDX dan disahkan oleh XRD. CP550 juga 
memaparkan spektrum PL paling rendah antara fotokatalis yang diuji menunjukkan 
kadar gabungan semula lubang-elektron yang rendah. Kajian hapus sisa menggunakan 
IPA menyebabkan kejatuhan COD yang mendadak dari 69% kepada hanya 7% 
menunjukkan radikal hidroksil sebagai spesies oksidatif reaktif utama. Kajian kitar 
semula menunjukkan bahawa penggunaan semula pemangkin yang terpakai 
menyebabkan penyusutan dari segi efisiensi degradasi COD dari 69.0% hingga 65.0% 
dan akhirnya 61.0% selepas tiga kitaran menunjukkan kehilangan aktiviti fotokatalitik. 
Pencirian pemangkin yang terpakai selepas proses fotokatalisis menunjukkan bahawa 
kehilangan aktiviti adalah disebabkan oleh pemendapan karbon seperti yang dibuktikan 
oleh data FTIR dan EDX. Penyelidikan ini memberi sumbangan kepada badan 
pengetahuan yang menangani isu fotokatalisis yang diaktifkan oleh cahaya nampak 
untuk pencegahan pencemar alam sekitar yang rekalsitran seperti POME. 
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ABSTRACT 
Malaysia has long battled with the issue of palm oil mill effluent (POME) pollution 
which has proven to be detrimental to the environment. Although some attempts to 
alleviate this problem using ZnO and TiO2 photocatalysts under ultra-violet irradiation 
have been undertaken, these have shown significant room for improvement. The low 
light utilization as well and mediocre photodegradation efficiency produced by these 
two systems highlight the need for a visible light driven photocatalyst as a long term 
solution to the problem. This thesis explores the application of CaFe2O4 as a visible 
light driven photocatalyst towards addressing that problem. Two synthesis routes 
namely the auto-combustion (AC) and co-precipitation (CP) routes and two calcination 
temperatures (550 °C and 700 °C) were used to produce a total of four CaFe2O4 
catalysts namely AC550, AC700, CP550 and CP700. CP550 exhibited the greatest 
chemical oxygen demand (COD) degradation of 69% at a 0.75 g/L catalyst loading and 
an oxygen flow rate of 60 ml min-1 after 8 h of irradiation. The reaction adhered well to 
first order kinetics with a rate constant of 2.7 x 10-5 min-1. Nitrogen physisorption 
studies indicated CP550 had the highest Brunauer-Emmett-Teller (BET) specific 
surface area (27.28 m2/g) and pore volume (0.077 cm3/g) of the prepared photocatalysts 
which dropped precipitously for CP700 upon increasing the calcination temperature to 
BET specific surface area of 9.73 m2/g and pore volume of 0.025 cm3/g due to 
annealing which created a smoother surface area as evidenced by the scanning electron 
microscope (SEM) images. Ultraviolet-visible diffuse reflectance spectroscopy (UV-
Vis DRS) indicated CP550 had the highest band-gap (1.52 eV) which is likely due to 
the presence of CaFe5O7 which is a unique structure of CaFe2O4 containing three units 
of FeO in a stable phase as deduced from the energy dispersive X-ray microanalysis 
(EDX) data and confirmed by X-ray diffraction (XRD) peaks. CP550 also displayed the 
lowest photoluminescence (PL) spectra of the as prepared photocatalysts indicating a 
low electron-hole recombination rate. A scavenging study using iso-propyl alcohol 
(IPA) caused a severe drop in COD degradation from 69% to just 7% indicating 
hydroxyl radicals as the main reactive oxidative species. The recyclability study 
indicated that reusing the spent catalysts led to a decrease from 69.0% to 65.0% and 
finally 61.0% on subsequent cycles indicating some loss of activity over time. Post 
reaction characterization of the spent catalyst indicated that the loss of activity was due 
to carbon deposition as evidenced by FTIR and EDX data. This research contributes to 
the body of knowledge addressing the issue of visible light driven photocatalysis for the 
amelioration of recalcitrant environmental pollutants such as POME.   
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